Wetlands provide a diverse range of ecosystem services supporting livelihoods of many people. Despite their value, wetlands are continuously being degraded. There is scant information on individual wetlands, people's dependency and their exploitation at a local scale. We therefore assessed wetland ecosystem services, the drivers of change and impacts of those drivers on ecosystem services and people's dependency through a case study of the Maguri-Motapung Beel wetlands of Assam, India. Both qualitative and quantitative data were collected through household surveys, focus group discussions, key informant interviews and community workshops. The analyses showed a total of 29 ecosystem services, and high dependency on these with five out of seven livelihood strategies sourced from ecosystem services. Over-exploitation of wetland resources and siltation were reported as the major direct drivers of change with impacts on both ecosystem services and people's livelihoods. Drastic decreases in availability of thatch, fish stocks, fodder and tourism were observed. This suggests that there is an urgent need for a comprehensive participatory management plan. Actions are needed to maintain the Maguri-Motapung Beel wetlands and the flow of services in order to sustain people's livelihoods in the area. With an estimated 50% global loss of wetlands in the last century and the loss of 5,000 square kilometers a year in Asia alone, the loss of ecosystem services and livelihood impacts shown in our study may be typical of what is occurring in the region and perhaps globally.
Introduction
Wetlands cover 5-10% of Earth's terrestrial surface [1] and are defined as "the areas of marsh, fen, peat land or water, whether natural or artificial, permanent or temporary, with water that is static or flowing, fresh, brackish or salt, including areas of marine water, the depth of which at low tide does not exceed six meters" [2] . As a transitional ecosystem between terrestrial and aquatic ecosystems, wetlands support high biodiversity [3, 4] and are essential to the health of both aquatic and terrestrial life forms [1] . With their specific hydrological functions, they control floods by slowing down water movement, reducing water velocity and sedimentation [5] , and promote aquifer replenishment [6] . Wetlands are also important for human society [7, 8] as they provide a diverse range of ecosystem
Methods

Study Area
The Maguri-Motapung Beel wetland was selected for this case study because of its ecological significance, values for society and the threats it is currently facing. The wetland is lake-like with static water formed by inundation of low-lying lands during flooding, with water trapped even after floodwaters recede [44] . Situated between 27˝34 1 49.92 11 N to 27˝34 1 34.98 11 N and 95˝21 1 37.68 11 E to 95˝24 1 11.39 11 E, this wetland is one of the most seriously threatened floodplain-wetlands [45] in the District of Tinsukia of Assam, India, with one of the major threats being over-exploitation [44] . Dibru-Saikhowa National Park (DSNP) is situated to the south while the six villages, Baghjan gaon, Purani Motapung, Rangara Te Natungaon, Gotong Gaon, Na-Motapung gaon and Dhalakhat gaon are situated on its east, west and north sides ( Figure 1 ). The population of those villages, according to the 2011 National Census Report, is 10,688, and was only 10,368 in 2001 ( Table 1 ). The population of Maguri-Motapung Beel wetland and surroundings is primarily dominated by ethnic communities such as Moran, Motok, Koch with an average households size of 4.9. The literacy rate is 62% with less than 5% of the population above higher secondary level education. The average landholding is about half a hectare.
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Methodology
We adopted a case study approach, and data were collected using both qualitative and quantitative methods. We adopted similar strategies to Sandhu and Sandhu [50] to identify how people's livelihoods were dependent on ecosystem services.
Household Survey
An initial rapid assessment was carried out in six villages surrounding the wetland, namely Bagjhan, Purani Motapung, Rangara Te Natungaon, Gotong Gaon, Na-Motapung Gaon, Dhalakhat Gaon, to determine household dependency on wetland resources. The initial assessment showed that about 40% of the total households were found to depend directly on wetland resources. Among these households, about 10% were randomly selected for the household survey. Using a semi-structured questionnaire, a total of 101 wetland dependent households were surveyed in these villages. Fifteen to twenty questionnaires were answered per village and answered by the most senior available person of the household. Most of the respondents were males between 20 and 73 years old. The questionnaire was prepared in collaboration with a local organization, Aaranyak, who conducted this field survey during September and October 2013 and again in March 2014. Questions focused on the ecosystem services used, people's dependency on them, drivers of change and their impacts on ecosystem services. The questionnaire is shown in Supplementary materials.
Focus Group Discussion (FGDs)
The list of ecosystem services derived from the household survey was validated during focus group discussions. Five focus group discussions (FGD) were carried out at the community level in the first five villages ( Table 1) with an average of 8-10 participants in each group during Sept-Oct 2013. Two more focus group discussions were organized in February 2014 in the Dhalakhat village. The focus group members were selected based on their livelihood strategy and dependency on the wetland Beel. To avoid some of the known problems with focus discussion groups, we kept the size of groups to 8-10 people, used a prepared checklist, ensured all participants were willing to engage in the discussion and used a local moderator. Different drivers of change and people's dependency on wetlands were also thoroughly discussed among the groups. The listed ecosystem services were also ranked during discussions.
Stakeholder Workshops
Two stakeholder workshops were organized, one at the local level and one at the district level, in Tinsukiya district in February and October 2013, respectively. The district-level workshop participants included local university teachers, NGO representatives, government representatives, and members of civil society organizations whereas the local-level workshop included village leaders, members of community groups, and hotel owners. The aim of these workshops was to understand perceptions of local stakeholders with respect to drivers of change of the wetland, and gather suggestions for sustainable conservation and management of wetland resources. The key questions discussed in these workshop included, but were not limited to, 
Key Informant Interviews
Representatives of the government authorities, including forest officials and the district commissioner, as well as NGOs, research institutes, civil society organizations, and other organizations were also consulted for listing of ecosystem services of the wetland during October 2014 to February 2015. The key questions asked during interviews focused on livelihood strategies and drivers of change in the wetland. A total of 20 representatives from various organizations were consulted as key informants during the study to help us understand the patterns of change and the drivers. Criteria for selection of the key informants were their knowledge about the wetland resources and people's dependency and involvement in the management of the wetland.
Data Analysis
The quantitative data were analyzed using frequency analysis with Statistical Package for Social Sciences (SPSS) 15.0 software to determine local people's dependency and the impacts of different drivers on the wetland ecosystem. Qualitative data obtained from interviews were first coded and categorized into themes according to the research questions (i.e., ecosystem services; drivers of change, livelihoods strategy etc.) and similar coded themes were grouped together. Ecosystem services ranking was performed using participatory tools. Participants of focus group discussions and workshop were asked to identify key ecosystems available from the wetlands. Once key ecosystem services were listed, participants were asked to rank the listed ecosystem services on a scale of 1 to 10 (1 with least preference and 10 with the highest). The overall ranking was based on the total marks for each ecosystem service divided by number of respondents. Similarly, drivers of ecosystem change were identified through both qualitative analysis (focus group discussion, workshop) and also derived from household questionnaires.
Results
The population of Maguri-Motapung wetland is dominated by ethnic minorities such as Morang, Motok, Kuch with an average households size of 4.9. The literacy rate is 62% with less than 5% of the population is above higher secondary education. The average landholding is about half a hectare. Livestock farming, agriculture and fishing are the key livelihood options with less than 10% of the population involved in government employment or with a private salaried position.
Ecosystem Services, Their Use and Ranking
A total of 29 key ecosystem services were identified through household survey, FGDs and key informants interviews for the Maguri-Motapung Beel. Among them, 15 were provisioning, seven regulating, two supporting and five were cultural services ( Table 2 ). 
Ecosystem Services Category Ecosystem Service Recorded
Provisioning (15) Timber, thatch, bamboo, fuelwood, fish, livestock grazing, edible plants, medicine, macrophytes, NTFPs, Germplasm, water for drinking, irrigation, fodder, hunting Regulating (7) Climate regulation, air purification, nutrient cycling, flood control, pollination, siltation control, water regulation (used for irrigation and drinking)
Cultural (5) Tourism, educational and research, recreational visit, bird watching, spiritual/inspirational value Supporting (2) Habitat for wild flora and fauna, Nursery for fishes
During focus group discussions with local communities, the top ranked service was fishing followed by tourism, habitats for biodiversity, livestock grazing, and fuel wood collection. Seven out of 10 were provisioning services, while two were supporting services and one was a cultural service. These services were ranked based on their use at their household and/or ability to sell them in the market for economic returns. The top 10 services with details on their use by local people are given in Table 3 . 
People's Dependency on Ecosystem Services
A total of eight livelihood strategies were revealed. About 84% of the respondents were involved in fishing and agriculture, while others were involved in teaching, business and labor. Approximately 51% of the total households are dependent on fishing as their primary occupation (Figure 2) . A total of 87 respondents collected 44,783 kilograms (kg) of fish in 2012, earning 7,786,195 Indian Rupees (INR) (with 130-250 INR per kg). During the FGDs, an additional 117 fishermen belonging to 20 groups from surrounding villages were reported to depend on fishing, earning an average of 1000 INR per week per group in 2012. Agriculture, including horticulture and homestead tea cultivation, was found to be the second most important livelihood strategy. Locals were also found to cultivate seasonal crops during the dry season on exposed soil tracts of the wetland. Besides these, tourism, business (boat services, small scale hotels), labor, and teaching (government service) were other livelihood strategies found in the area (Figure 2 ). Tourism employment, such as guiding for bird watching and boat services, is an emerging alternative livelihood option among the young. Agriculture, including horticulture and homestead tea cultivation, was found to be the second most important livelihood strategy. Locals were also found to cultivate seasonal crops during the dry season on exposed soil tracts of the wetland. Besides these, tourism, business (boat services, small scale hotels), labor, and teaching (government service) were other livelihood strategies found in the area (Figure 2 ). Tourism employment, such as guiding for bird watching and boat services, is an emerging alternative livelihood option among the young. Of seven identified livelihood strategies, five were directly linked to ecosystem services: fishing, agriculture, livestock grazing, tourism and business such as hotels, guides and boat services were completely dependent on services provided by the Beel (Figure 3 ). Of seven identified livelihood strategies, five were directly linked to ecosystem services: fishing, agriculture, livestock grazing, tourism and business such as hotels, guides and boat services were completely dependent on services provided by the Beel (Figure 3 ). Agriculture, including horticulture and homestead tea cultivation, was found to be the second most important livelihood strategy. Locals were also found to cultivate seasonal crops during the dry season on exposed soil tracts of the wetland. Besides these, tourism, business (boat services, small scale hotels), labor, and teaching (government service) were other livelihood strategies found in the area (Figure 2 ). Tourism employment, such as guiding for bird watching and boat services, is an emerging alternative livelihood option among the young. Of seven identified livelihood strategies, five were directly linked to ecosystem services: fishing, agriculture, livestock grazing, tourism and business such as hotels, guides and boat services were completely dependent on services provided by the Beel (Figure 3 ). 
Drivers of Change
The analysis of household surveys, focus group discussions and community workshops revealed eight direct and three indirect drivers of change in ecosystem services. These drivers of change were both natural and human induced ( Table 4 ). The lack of a wetland management plan, population growth and market were reported as indirect drivers of change. Invasive species, siltation, encroachment, unmanaged tourism, sewage, over exploitation, fish poisoning and deforestation in surrounding areas were reported as direct drivers of change threatening the wetland ecosystem. During the discussions, illegal use of undersized mesh (less than 12 mm), mosquito nets (use for catching small and juvenile fishes) and illegal gear in contravention of the Assam Fisheries Rules 1953, fishing during the breeding season (May-July) and catching of gravid and juvenile fish resulting in the depletion of fish stocks were also reported. Siltation (94 % of respondents) and over-exploitation of fish (87%) were found to be the major threats followed by sewage outfall and pollution (56%), river cutting (bank erosion) (35%) and deforestation (9%) as direct drivers of change (Figure 4 ).
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Impacts on Ecosystem Services and People's Dependency
Both direct and indirect drivers of change were found to impact ecosystem services and people's dependency on the ecosystems in the area. About 98% of the household survey respondents reported a decrease in availability of material for thatch/bamboo, while 89% reported a decrease in flood control. About 86% reported a decline in fish stocks, and a decrease in tourism of 75% and fodder of 66%. As ecosystem services were directly related to the people's livelihood strategies, changes in ecosystem services showed impacts on people's dependency especially in fishing and agriculture ( Figure 5 ). Although only 13% reported a decrease in irrigation water, about 42% reported negative impacts on their agricultural outputs ( Figure 5 ).
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Discussion
This study assessed the ecosystem services of a wetland by considering community perceptions based on their dependency on those services. We found 29 ecosystem services, which were reported as important for the livelihoods of local people. The key ecosystem services identified by the locals are provisioning services as they could get immediate returns either in cash or use. Similar results were found for rural communities in Central Romania as noted by Hartel [51] . Human dependence on provisioning services is widely acknowledged, especially in developing countries, as people are highly dependent on natural resource [21, 22] .
Local people were found to be highly dependent on the listed ecosystem services, as five out of seven livelihood strategies reported from the area are sourced from ecosystem services provided by the wetland, showing the high contribution of ecosystem services of wetland to their livelihoods. High dependency of some local communities on wetland ecosystem services has been reported elsewhere, for example in the Koshi Tappu Wildlife Reserve of Eastern Nepal [52, 53] and Kratie province of Cambodia [54] . While all ecosystem services are important for rural livelihoods, fishing, tourism, particularly those based on bird watching, and fuel wood are major ecosystem services on which the wetland community depends. Perceived declining trends in the availability or supply of these services, as previously reported elsewhere [22] , threaten the livelihoods of local communities. Further decline of ecosystem services could negatively impact the livelihoods of wetland-dependent communities as they have limited alternative options for livelihood diversification. The vulnerability of wetland communities to such rapid changes in the supply of key ecosystem services is of concern elsewhere, e.g., Bhatta et al. (2015) [22] , who showed similar poor communities in the montane parts of Nepal are too poor to adapt their livelihoods to climate-driven rapid changes in ecosystem service supply. What is notable is that the drivers of change, climate change in the montane community and poor management and over use of resources in the wetland, are completely different. However, that poor people are often least able to adapt their livelihoods in the face of such changes has the same result.
The main indirect driver of change was perceived to be the lack of a management plan. Urgent action is required from government and local NGOs to address this concern. The use of illegal fishing nets and fishing during the fish-breeding season clearly indicates that the implementation and monitoring of national laws are weak but also underlines the people's dependency on these wetland resources. Our study demonstrates the weak institutional structure and limited livelihood strategy options available to people in the area. Inadequate institutional arrangements are often regarded as drivers of environmental change [55] . Our results support those studies emphasizing the political and institutional factors involved in the degradation of ecosystems, [13, 43] . A holistic management plan for the wetlands with participatory options and approaches and multisectoral investment might help communities to reduce their high dependency on wetland resources, which ultimately should result in increases in the flow of ecosystem services. This will also reduce pressure on the wetland ecosystems and hence the ecosystem services.
Direct drivers such siltation and invasive species cited as damaging this wetland have also been reported as key drivers elsewhere in wetlands in Asia and Africa [43, 56, 57] . The overexploitation of wetland resources has also been reported by [58] . Our results on ecosystem services and drivers of change in the study wetland are amongst the first for wetland areas in Asia and are therefore an important indication of the state of ecosystem services in wetland areas of this region. Although this study did not specifically focus on biodiversity, the potential impacts of change on the rich biodiversity of the area are obvious. There is an urgent need to plan actions for conserving the area and reducing the direct pressures on the wetland. Providing livelihood options such as aquaculture, small-scale nature-based enterprises and promoting ecotourism in the area might help reduce the direct pressures.
Conclusions
In this case study, we argue that the Maguri-Motapung Beel is an important wetland ecosystem providing diverse ecosystem services, especially fish, wetland products and tourism to local communities for their livelihoods. There are a number of direct and indirect drivers negatively impacting the availability of such services, thus impacting the livelihoods of the people. While overexploitation and siltation were identified by the people as the major issues resulting in the degradation of the wetland, the weak implementation of national laws and the lack of a management plan for the area are important factors contributing to the wetland's degradation. An integrated and holistic management plan with alternative livelihood options could be effective in mitigating degradation of the wetlands while maintaining the supply of ecosystem services. Attention should also be paid to the indirect drivers of changes. For instance, analyzing the socio-political and economic drivers of changes to the wetland in the area should be the focus of further research in the area. The similar nature of the results in this study to those previously reported highlights the high dependency of those people surrounding wetlands on the ecosystem services they provide and we should be concerned about the maintenance of wetlands worldwide.
